We present the results of a series of short radio observations of six ultracool dwarfs made using the upgraded VLA in S (2-4GHz) and C (4-7GHz) bands. LSR J1835+3259 exhibits a 100 percent right-hand circularly polarised burst which shows intense narrowband features with a fast negative frequency drift of about −30 MHz s −1 . They are superimposed on a fainter broadband emission feature with a total duration of about 20 minutes, bandwidth of about 1 GHz, centred at about 3.5 GHz, and a slow positive frequency drift of about 1 MHz s −1 . This makes it the first such event detected below 4 GHz and the first one exhibiting both positive and negative frequency drifts. Polarised radio emission is also seen in 2MASS J00361617+1821104 and NLTT 33370, while LP 349-25 and TVLM 513-46546 have unpolarised emission and BRI B0021-0214 was not detected. We can reproduce the main characteristics of the burst from LSR J1835+3259 using a model describing the magnetic field of the dwarf as a tilted dipole. We also analyse the origins of the quiescent radio emission and estimate the required parameters of the magnetic field and energetic electrons. Although our results are non-unique, we find a set of models which agree well with the observations.
INTRODUCTION
In the Sun and other Solar-type stars magnetic fields appear to be ubiquitous, originating within the star's convective envelope through a dynamo process (MacGregor & Charbonneau 1997) . In contrast, stars less massive than 0.35M ⊙ (around spectral type M4) (Chabrier & Baraffe 1997; Stassun et al. 2011 ) were expected to be fully convective and therefore, not have a significant large scale magnetic field (see e.g. Reiners & Basri (2007) ). However, observations of late-type dwarf stars at optical and other wavelengths show flares which are taken as evidence for the presence of a magnetic field. For instance, the archetypal flare star UV Cet (Moffett 1974) shows many flares despite its M6V spectral type. Another common signature of magnetic activity in late type stars is the presence of Hα emission. Optical spectra obtained using the Sloan Digital Sky Survey (SDSS) and the Baryon Oscillation Sky Survey (BOSS) data indicate that by spectral type ∼M9V-L0V, approximately 100 per cent of stars show Hα emission (West et al. celeration could cause ECMI emission to have low variability (Hallinan et al. 2008) .
There are strong grounds to believe that the process for generating large scale magnetic fields in stars with spectral type later than ∼M4V is quite different to the dynamo process found in the higher mass M dwarfs. Alternative means for generating magnetic fields in low mass stars has received much attention (Chabrier & Küker 2006; Browning 2008; Morin et al. 2008 Morin et al. , 2010 Kitchatinov, Moss & Sokoloff 2014; Shulyak et al. 2015) . For instance, Christensen, Holzwarth & Reiners (2009) extended a scaling law derived from geodynamo models to rapidly rotating stars that have strong density stratification and find sufficient energy flux available for generating the magnetic field. Magnetic fields can, therefore, be generated in small and large planets and low mass stars. However, the mechanism for generating fields in late M dwarfs is far from settled.
Determining the magnetic field geometry of a star has traditionally been done using Zeeman Doppler Imaging and lines which are sensitive to magnetic fields in the optical and infrared wavelengths (Semel 1989; Donati, Semel & Praderie 1989) . However, for later spectral types, stars can be rapidly rotating which causes the spectral lines to broaden and blend with each other. They also become faint in the optical bands and spectroscopy in the infrared wavelengths becomes necessary.
The fact that UCDs can show strong polarised radio pulses, opens up an alternative means to constrain the magnetic field strength and geometry by modelling the pulse profiles at different frequencies. To create the framework to model polarised bursts from UCDs, Yu et al. (2012) simulated the micro-physics of the immediate environment around late type dwarfs. Other work, such as Kuznetsov et al. (2012) and Hallinan et al. (2015) , have created models which take physically realistic environmental conditions coupled with different geometries for the magnetic field to simulate individual polarised radio bursts. For instance, Kuznetsov et al. (2012) showed that a model of emission from an active sector in the UCD TVLM 513-46546 (hereafter TVLM 513) is able to reproduce qualitatively the main features of its radio light curves; the magnetic dipole seems to be highly tilted by about 60
• with respect to the rotation axis.
Existing observations of UCDs have been made primarily with the pre-upgraded Very Large Array (VLA) and the Arecibo 305m dish. Most of the radio observations of UCDs published prior to 2013 were taken at a single frequency, although there were some exceptions, e.g. data taken using the Arecibo telescope Kuznetsov et al. 2012) . With upgrades to the VLA and Australian Telescope Compact Array (ATCA), giving sensitivity gains of an order of magnitude higher and the opportunity to obtain dynamic spectra over a 2 GHz frequency range, it is possible to observe the dynamical characteristics of polarised radio bursts from UCDs in a way which was previously not possible. In this paper we present a series of short VLA observations of six UCDs and outline model simulations which have been used to model their quiescent emission as well as a polarised burst from one UCD -LSR J1835+3259.
TARGET SELECTION
In selecting our targets, we have used the work of McLean, Berger & Reiners (2012) and . All the sources we have observed have a range in spectral type between M7-L3.5 and have been previously detected at radio wavelengths (see Table 1 for details).
BRI B0021-0214
Discovered by Irwin, McMahon & Reid (1991) , this M9.5 dwarf initially appeared to be inactive, showing very little Hα and no Xray emission (Basri & Marcy 1995; Reid et al. 1999; Neuhäuser et al. 1999; Reiners & Basri 2010; . Detection in Hα was reported by Reid et al. (1999) -a small flare with L Hα /L bol = -6.3, and later by Berger et al. (2010) with L Hα /L bol = -6.05. Martín, Zapatero Osorio & Lehto (2001) reported optical periodicity (∼4.8 and ∼20 hr), perhaps due to dust clouds in the atmosphere (Chabrier et al. 2000) . Harding et al. (2013) also detected optical variability with a period of approximately 5 hours, the length of the observations reported in the paper is shorter than the rotational period of the dwarf, so the period can not be well determined. Neuhäuser et al. (1999) reported a non-detection in Xrays with an upper limit of L X /L bol 2.1 × 10 −5 . Berger et al. (2010) found variable Hα emission on a ∼0.5 -2 hour time scale, but no radio emission. BRI B0021-0214 (hereafter BRI B0021) was previously detected in the radio at 8.46 GHz by Berger (2002) , with a quiescent flux density of 83±18 µJy. Berger (2002) also reported a small flare with a flux density of 360 ± 70 µJy (again at 8.46 GHz). BRI B0021 was later observed in the radio by Berger et al. (2010) and McLean, Berger & Reiners (2012) with no detection.
LP 349-25
LP 349-25 was first recognised as a nearby late-type star by Gizis et al. (2000) based on its colour, parallax and proper motions (Reid et al. 2003; Salim & Gould 2003; Gatewood et al. 2005; Lépine et al. 2009 ). It was classified as a M7.5V+M8.5V or a M8V+M9V binary by Forveille et al. (2005) . Harding et al. (2013) reported an optical rotational period of 1.86±0.02 hr. It was first detected in the radio by Phan-Bao et al. (2007) with total flux density of the two (unresolved) sources of 365±16 µJy and an upper limit of ≈13% for a circularly polarised signal. Osten et al. (2009) detected radio emission from LP349-25, which was steady on both short and long time scale (minutes to months). The constant flux density from the source from epochs seven months apart suggested the presence of a long-lived magnetic structure giving rise to the emission. Osten et al. (2009) also reported the lack of rotational modulation of the radio light curve as significant and unique among the ultracool dwarfs.
2MASS J00361617+1821104
The L3.5 dwarf 2MASS J00361617+1821104 (Reid et al. 1999 ) (hereafter 2M0036) was first detected in the radio by Berger (2002) with a flux density of 135 to 330 µJy and a low degree of circular polarisation (f c ≈ 13 -35% LCP). An approximately 20 minute burst of radio emission with a flux density of 720µJy (f c ≈ 62% LCP) was reported by Berger (2002) . The detected radio emission was strongly circularly polarised and variable with an average flux density of 259 ± 19 µJy and f c ≈ 73 ± 8% LCP at 4.9GHz, and 134 ± 16 µJy and f c ≈60 ±15% LCP at 8.5GHz. Simultaneous X-ray, Hα and radio observations by Berger et al. (2005) , show no detection in either X-ray or Hα with upper limits of L X /L bol 2×10
and L Hα /L bol 2×10 −7 . The ratio of radio to X-ray luminosity is -The listed mass is the total mass of the binary. ⋆ -The period for BRI0021-0214 is taken from Harding et al. (2013) ; the length of the observations reported in the paper is shorter than the rotational period of the dwarf, so it can not be well determined. and are plotted simultaneously. The LCP light curve is shifted down by 10mJy. Because the observations here cover almost one full rotational period, the x axis is phase, not time. Hallinan et al. (2015) show that for LSR 1835 events like that shown above are periodic, and occur every rotational period.
2MASS number
more than 4 orders of magnitude in excess of the Güdel-Benz relation (Guedel & Benz 1993; Benz & Guedel 1994) . Both Berger et al. (2005) and Harding et al. (2013) reported an optical period of ∼3 hours.
NLTT 33370
NLTT 33370 is a high proper motion star (Luyten 1979) , with µRA = -0.244" yr −1 , and µDec = -0.186" yr −1 (Schlieder et al. 2014) . It was later reported as a young (80.8 ± 2.5 Myr (Dupuy et al. 2016) ) tight binary, with a distance between the companions of only 2.1 AU (Schlieder et al. 2014 ). The total mass of the system is 184.5 ± 1.6 M J (or 0.176 ± 0.002 M ⊙ ), and the two components have masses of 92.8 ± 0.6 and 91.7 ± 1.0 M J (Dupuy et al. 2016) . The distance to NLTT 33370 is 17.249 ± 0.013 pc ).
NLTT 33370 is the brightest known radio UCD with stable emission (Becker, White & Helfand 1995; McLean et al. 2011; McLean, Berger & Reiners 2012; Dupuy et al. 2016; Forbrich et al. 2016) varying sinusoidally with period of 3.89 ± 0.05 hours and total flux density from the unresolved binary of ≈ 1mJy at 4.9 GHz and 0.8 mJy at 22 GHz. As a result of simultaneous multiwavelength observations, Williams et al. (2015a) reported extreme magnetic activity as detected in X-rays, UV, broadband optical, Hα and the radio, with variability observed in all wavelengths. Flaring events were observed in all but the broadband optical observations. It was found that NLTT 33370 had two detectable periods of 3.7859 ± 0.0001 hours and 3.7130 ± 0.0002 hours, perhaps due to migration of spots or slightly different rotation periods of the two components of the binary. A similar periodicity was seen in the radio. The radio emission had three components -periodically modulated emission, with a periodicity similar to the optical, and ∼15% RCP emission; frequent rapid 100% LCP bursts (suggesting magnetic field strength of ≈2.1 kG) at all rotational phases (suggesting nearly continuous reconnection); and a variable unpolarised component.
TVLM 513-46546
The radio emission from TVLM 513 was first reported to be variable by Berger (2002) and later on from Hallinan et al. (2006) , with a period of about 2 hours. This was confirmed as the rotational period of the dwarf by Lane et al. (2007) , later refined to 1.95958 ± 0.00005 hours from optical observations by Harding et al. (2013) and Wolszczan & Route (2014) . Highly polarised radio bursts were reported by Hallinan et al. (2007) ; Berger et al. (2008) and Doyle et al. (2010) . Doyle et al. (2010) showed the data contained a series of consecutive periodic bursts with stable shape of the light curve, but changing shape/structure of the bursts. Wolszczan & Route (2014) reported stable optical and radio emission for 7 and 5 years respectively, that produce the same period with precision up to ∼20ms. Berger et al. (2008) , Doyle et al. (2010) and Wolszczan & Route (2014) report a correlation between the Hα peaks and radio flares with approximately 0.4 phase offset, suggesting that the optical and radio variability originates from a large-scale dipolar magnetic field that is stable for at least a decade. Wolszczan & Route (2014) also reported that the period between bursts may be gradually shortening, possibly due to migration of spots towards the equator and differential rotation.
LSR J1835+3259
LSR J1835+3259 (hereafter LSR 1835) is another well-known active UCD. First recognised as a late-type dwarf by Reid et al. (2003) , it has high proper motions (µRA = -0.040" yr −1 , and µDec = -0.759" yr −1 (Schmidt et al. 2007 )), and an optical period of 2.845(3) hours (Harding et al. 2013) . Berger et al. (2008) obtained simultaneous multi-wavelength observations of LSR 1835 in X-rays, UV, optical and the radio. The source was not detected neither in X-rays, nor in the UV. The reported upper limit for the X-rays of F X < 8.4 × 10 −16 erg cm
is one of the faintest X-ray limits for an UCD. Berger et al. (2008) also reported highly variable Hα emission and nearly constant radio emission. Hallinan et al. (2008 Hallinan et al. ( , 2015 reported persistent 100% circularly polarised bursts of radio emission with a period similar to the optical, and associated magnetic field strength of ∼3 kG. A similar estimation was obtained by Kuzmychov, Berdyugina & Harrington (2015) by using spectropolarimetric methods: they estimated the average magnetic field strength at the surface of LSR 1835 as ∼2.5 kG. By assuming a dipole-like magnetic geometry, one obtains magnetic field strength of ∼3.6 kG at the magnetic poles.
INSTRUMENTS, OBSERVATIONS AND DATA REDUCTION
The observations were carried with the Karl Jansky Very Large Array (VLA) in semester 2014B (Project ID: 14B-015) simultaneously in S (2-4 GHz) and C (4-8 GHz) band in two subarrays, using 14 and 13 antennae respectively. All the observations were done in two-hour blocks (with approximately 1.5 hours onsource time) with time and frequency resolutions of 3 s and 1 MHz respectively. More detailed information about the observations is presented in Table 2 .
The data were reduced using the Common Astronomy Software Applications package (CASA) versions 4.2.0 and 4.2.2. The calibration was done with the EVLA pipeline version 1.3.1, and for comparison it was also done manually for three datasets. The results were consistent within the error bars. Polarisation calibration was not performed for those short time observations. The nonzero instrumental polarisation in this case is around or less than 1 per cent, which is negligible in the case of 100 per cent burst events. Radio frequency interference (RFI) was flagged both manually and automatically using the AOFlagger tool (Offringa et al. 2010; Offringa, van de Gronde & Roerdink 2012) . Additional flagging was performed where needed. Radio bursts were distinguished from RFI based on the signal in Stokes Q and U (since RFI is strongly linearly polarised, and most of the bursts from these UCDs are mainly circularly polarised) with the affected channels flagged in all polarisations. Additional checks for RFI were performed with the Multichannel Image Reconstruction, Image Analysis and Display package (MIRIAD) (Sault, Teuben & Wright 1995) .
To develop a map and model of the radio emission from background sources in the field, the data were imaged using CASA's multi-frequency synthesis (Sault & Wieringa 1994 ) and CASA's multi-frequency CLEAN algorithm. We created maps of 3000×3000 pixels, each 1 ′′ ×1 ′′ , and after subtracting the background sources, new images (∼200 ′′ ×200 ′′ ) were created of just the source. All the detected sources exhibit radio emission which is consistent with zero linear polarisation. Photometry was extracted from the visibility-domain data in Stokes I and V for all the sources. The results are presented in Table 3 , where the error bars for the measurements are at 1 σ, and the upper limits are at 3 σ level.
RESULTS
From the six sources we have observed, significant radio emission was detected from five -LP349-25, 2M0036, NLTT 33370, TVLM513 and LSR 1835. An additional upper limit was determined for the very quiet/inactive dwarf BRI B0021 of 46µJy over the S band, and 21µJy over the C band. Three types of radio emission features were observed -unpolarised quiescent emission (only Stokes I), polarised quiescent emission (both Stokes I and V), and a flaring emission from the dwarf LSR 1835. For all S band observations, strong RFI is present in two spectral windows -2.0-2.5 GHz and 3.5-4.0 GHz, and for C band -between 6.0 -6.5 GHz. Cleaning was performed both manually and with the AOFlagger software (Offringa et al. 2010 ) in those windows, and additional manual flagging where needed (see Section 2). Upper limits and flux densities for all observations are listed in Table 3 , where the Figure 2 . Selected radio spectra of LP 349-25, TVLM 513, 2M 0036, NLTT 33370, and LSR 1835. For clarity, if an object was observed several times, only one spectrum is shown, since the spectrum shape remains nearly the same. The circular polarisation (Stokes V) is shown only if it was detected. The red and blue curves represent the simulated gyrosynchrotron spectra for the parameter sets corresponding to the surface magnetic strengths of B 0 = 2000 G (red) and 5000 G (blue) (see Section 5.1 and Table 5 ) (The blue and red line overlap almost completely for most of the plots). Dashed curves indicate that the measured values or upper limits in the corresponding frequency ranges were not used for spectral fitting. flux is listed when the remaining unflagged data covers more than 150 MHz. For LSR 1835, the quiescent flux density is measured after the flare was removed from the main observation.
Quiescent emission
Quiescent emission was observed from five sources. 2M0036 had a strongly variable flux in different frequency regions with the intensity varying from ≈140 to ≈600 µJy. The emission showed steady left-hand circular polarisation with levels of approximately 50 per cent for the first observation, decreasing significantly from about 50 to 20 per cent for the second. This source was observed twice, with very good agreement between the total flux in the two measurements (Table 3) .
NLTT 33370 showed decreasing flux density from just over 1600 µJy at 2.0 GHz to ∼650 µJy at 7GHz. The emission showed varying levels of left-hand circular polarisation of up to 40 per cent at low frequencies (below 3.5 GHz).
TVLM 513 had a large variation in its flux density with frequency, changing from 150 to 270 µJy (Fig. 2) , with an upper limit for the circular polarisation of about 20 per cent.
LP349-25 was observed four times, showing very good agreement between three of the measurements. The emission was unpolarised with an upper limit for the circular polarisation of approximately 10 per cent. One of the observations was ignored due to strong RFI present for most of the time of the observation, and poor signal to noise ratio after flagging.
LSR 1835 showed a strongly variable flux density with frequency -varying from 350 to 1270 µJy, and approximately stable flux level of circular polarisation of about 100 µJy in frequencies below 4 GHz. LSR 1835 was observed twice in two consecutive days, with phase coverage of almost one full rotational period (see Table 3 . Flux density and upper limits in µJy for all observations. Due to strong RFI in most of the frequency range 6 -6.5 GHz, flux densities for those frequency windows are excluded. Missing points in this table were either due to excess RFI in that frequency range or a weak signal. Data for the spectral windows 2.0 -2.5 GHz and 3.5 -4.0 GHz is only presented for observations with more than 150 MHz remaining in that window after RFI flagging.
Target SB Name 2.0 -2.5 GHz 2.5-3.0 GHz 3.0-3.5 GHz 3.5 -4.0 GHz 5.0-5.5 GHz 5.5-6.0 GHz 6.5-7.0 GHz Fig. 1 ), where phase 0 corresponds to the beginning of the first observation. During the second observation, a large burst occurred (see Section 4.2). The spectral energy distributions for all sources are shown in Fig. 2 with gyrosynchrotron fits added (see Section 5.1). Since the quiescent spectra at different times (if an object was observed more than once) are very similar, we show only one spectrum for each object.
Flaring emission
Flare-like emission was detected from only one source -LSR 1835. The burst was detected during the observation session on 2014 Oct 5, at a rotation phase of ≈0.625 (relative to the start of the first observation, see Fig. 1 ). The event was detected in the S band (2-4 GHz) and in the RCP channel only, i.e. the emission was 100 per cent right-hand circularly polarised. Figure 3 shows the dynamic spectrum of the flare (left) and the evolution of the flare in different frequencies with corresponding light curves in 256 MHz bins in the 2.5 − 4.0 GHz range (right).
In addition, Figure 4 shows an enlarged fragment of the light-curve (3500 − 3756 MHz), where this spectral window was selected due to strong signal (and thus easily distinguishable) in both components of the flare. It is noticeable that the flaring emission has a complicated spectrum consisting of several components. In particular, around 2500 -2600s there are two easily identifiable intense narrowband bursts. Those features have flux density exceeding 20 mJy, and a fast negative frequency drift of about −30 MHz s −1 . The bursts have the same frequency drift rate (Fig. 3) . They are superimposed on a fainter broadband emission feature with a total duration of about 20 minutes ( ∼1700s to 3100s), bandwidth of about 1 GHz, flux density of up to 10-13 mJy, and a slow positive frequency drift of about 1 MHz s −1 . In earlier observations of Hallinan et al. (2015) , LSR 1835 was found to produce periodic radio bursts with a period coinciding with its rotation period. However, since our observations cov- ered only about one stellar rotation (with a very small phase overlap, 0.40 -0.55, of the observations on two consecutive days), we cannot tell whether the detected radio flare was a single or a periodic event. The observed dynamic spectrum with several narrowband and broadband features implies a complicated structure of the emission source (see Section 5.2).
MODELLING

Quiescent radio emission
Source model
The broadband quiescent (i.e., constant or slowly varying) radio emission of ultracool dwarfs is usually interpreted as incoherent gyrosynchrotron emission of energetic electrons in a relatively weak magnetic field (Berger et al. 2001; Berger 2002; Ravi et al. 2011, etc.) . The gyrosynchrotron emission spectra are characterized by the optically thick part (with a positive slope) at low frequencies and the optically thin part (with a negative slope) at higher frequencies. As can be seen in Figure 2 , our observations agree qualitatively with the gyrosynchrotron model; the only exception is LSR 1835 which will be discussed in Section 5.2. The observed circular polarisation degrees of the quiescent emission (from zero to approximately 50%) are also consistent with the predictions for the gyrosynchrotron mechanism (Dulk 1985) .
To estimate the parameters of the magnetic field and energetic electrons in the magnetospheres of ultracool dwarfs, we have performed numerical simulations of their gyrosynchrotron emission. Since only a limited number of data points is available, we use the simplest (i.e., with the smallest number of parameters) source model: a homogeneous emission source with the depth (along the line-of-sight) of L and the visible area of L 2 . The uniform magnetic field is characterized by its strength B and viewing angle θ (relative to the line-of-sight). The energetic electrons are assumed to have an isotropic power-law spectrum with the spectral index δ in the energy range from E min = 10 keV to E max = 100 MeV; the chosen energy range is consistent with earlier simulations Ravi et al. 2011; Lynch et al. 2016 ) and agrees also with the estimations for the electrons in the Jovian radiation belts (Santos-Costa & Bolton 2008, see details below). Thus, the emission spectrum (Stokes I and V) depends on five parameters: source size L, magnetic field strength B and viewing angle θ, the total concentration of energetic electrons n b and their spectral index δ. The emission spectra have been computed using a fast gyrosynchrotron code (Fleishman & Kuznetsov 2010) .
As can be seen in Table 3 , the circular polarisation of the radio emission from ultracool dwarfs is highly variable: for some objects, the polarisation degree reached 50%, while for others (LP 349-25 and TVLM 513) the Stokes V flux density was below the threshold of detectability. We believe that the non-detectable polarisation might be caused actually by the source inhomogeneity: e.g., in a dipolar magnetosphere, if the magnetic dipole is nearly perpendicular to the line-of-sight, the Stokes V fluxes with opposite signs from opposite magnetic hemispheres should compensate each other resulting in low total polarisation. This effect cannot be reproduced by our simplified source model. Therefore, for the dwarfs LP 349-25 and TVLM 513 we do not consider the emission polarisation but only the intensity; in the calculations for these objects the viewing angle is fixed and set to θ = 80
• . A similar effect may account for non-detectable circular polarisation of high-frequency emission from NLTT 33370 and LSR 1835 (see the discussion below in Section 5.1.4); again, in the corresponding frequency ranges we consider only the emission intensity. Note also that we consider here the emission flux densities accumulated over the time intervals comparable with the rotation periods of the dwarfs, therefore the possible emission variations caused by the source rotation are expected to be smoothed out which may result, e.g., in further decrease of the observed polarisation degree.
Markov chain Monte Carlo analysis
To find the model parameters that provide the best agreement with the observations, we have used both the simple least-squares fitting and the Markov chain Monte Carlo (MCMC) analysis (see, e.g., Gregory 2005) . In particular, the adopted likelihood function p is given by
where S obs i
and S mod i are the observed and computed radio emission flux densities (including both Stokes I and V), respectively, σ i are the respective measurement errors, and A is the probability normalization factor. The number of data points N can be different for different datasets; as mentioned above, the Stokes V values have been used in the model fitting procedure only if the polarised signal was reliably detected. The parameter b is the noise scale parameter that is introduced to account for possible overestimation of the measurement errors (Gregory 2005) . As the priors for all model parameters we use uniform distributions in the ranges broad enough to cover all feasible parameter sets; since the energetic electrons concentration can vary by several orders of magnitude, we use log n b instead of n b as the model parameter. The posterior distributions have been produced using the MetropolisHastings algorithm with the parameters adjusted to provide the acceptance rate of about 0.25 (see Gregory 2005) . The produced MCMC chains in our simulations consisted of ∼ 10 7 steps which has been found to be sufficient to achieve stable posterior distributions. At the same time, the best least-squares fit for each dataset evidently corresponds to the global minimum of χ 2 and is independent on the noise scale parameter b. Figure 5 demonstrates, as a typical example, the posterior probability distributions computed for the dwarf TVLM 513 (note that the viewing angle θ for this object is assumed to be fixed at θ = 80
• ). The upper limit of the magnetic field strength B is 715 G, because this value corresponds to the electron cyclotron frequency of 2 GHz that is the lower boundary of the observed radio spectrum. One can see that the existing data constrain the model parameters only partially. Most importantly (from the physical point of view), there are virtually no constraints on the characteristic source size L: this parameter can vary in a broad range from ≈ 2R * to 10R * , where R * is the radius of the dwarf (which is assumed to equal 70 000 km for all objects in this work). The typical values of the magnetic field strength B and energetic electrons concentration n b also vary in broad ranges as functions of L; the electron spectral index δ is better defined but still variable. As can be seen in Figure  2 , different parameter sets can indeed provide equally good fits to the observed data (see the red and blue curves overplotted on the observed spectra). Similar results were obtained earlier by other authors in application to a number of ultracool dwarfs Ravi et al. 2011; Lynch, Mutel & Güdel 2015; Lynch et al. 2016) . We note that the mentioned degeneracy between different model parameters is not removed even if the polarisation measurements are available (like in the case of 2M 0036), in contrast to the suggestions of Lynch, Mutel & Güdel (2015) .
On the other hand, we have found that for a fixed source size L all other parameters can be effectively constrained. Figure 6 shows the posterior probability distributions computed for TVLM 513 in the case when the source size is fixed and set arbitrarily to L = 4.60R * . One can see that now the probability distributions of the magnetic field strength B, energetic electrons concentration n b and electron spectral index δ demonstrate well-defined narrow peaks corresponding to the best-fit set of the model parameters (which corresponds to the global minimum of χ 2 as well).
Restrictions on the model parameters
For the above-described reasons, instead of trying to find a unique best-fit set of the emission source parameters, we now explore relations between these parameters. To put additional physical constraints on the source size and magnetic field strength, we consider an analogy with the incoherent radio emission of Jupiter. The Jovian decimetric radiation is produced by high-energy electrons in the Jovian radiation belts due to the gyrosynchrotron mechanism (Carr, Desch & Alexander 1983; Zarka 2000) ; hence we suggest that the quiescent radio emission of ultracool dwarfs may be produced in a similar way, i.e., it may be considered as an "upscaled" version of the Jovian decimetric radiation. According to imaging radio observations (see, e.g., Bolton et al. 2002; SantosCosta, Bolton & Sault 2009; Santos-Costa et al. 2014; Girard et al. 2016) , the source of Jovian decimetric radiation has the shape of a torus located in the equatorial plane, with the major radius of about R c ≃ 1.5R J and the minor radius of about r ≃ 0.5R J (i.e., r ≃ R c − R J ). By assuming a similar source geometry for ultracool dwarfs, we estimate the volume of the emission source as
For a dipole-like magnetic field, the magnetic field strength B at the minor axis of this toroidal emission source (i.e., at the distance of R c from the dwarf centre in the equatorial plane) is given by
where B 0 is the maximum surface magnetic field strength (at the magnetic pole); the value given by this Equation can be considered as an average field strength in the toroidal source. We assume now that the toroidal emission source can be represented approximately by the homogeneous emission source described in Section 5.1.1, provided that the homogeneous source volume V = L 3 equals the toroidal source volume given by Equation (2) and the magnetic field strength B equals the characteristic value given by Equation (3); the viewing angle θ in the toroidal source model corresponds approximately to the angle between the magnetic dipole and the line-of-sight. Thus, for given source size L and magnetic field strength B, we can estimate the corresponding magnetic field strength at the surface level B 0 . Note that reducing a radiation beltassociated emission source to a homogeneous one is obviously a very rough approximation; we use it only to estimate the feasible variation ranges for the basic source parameters.
Radio-emitting ultracool dwarfs are expected to possess the magnetic fields with the strengths of a few thousand Gauss at the surface level, therefore, we require our simulations to be consistent with that estimation. Table 4 lists the results of the MCMC analysis Table 4 . Results of the MCMC analysis of gyrosynchrotron emission model for several chosen datasets. The table lists the chosen characteristic source size L (fixed during simulations) and the corresponding most probable values (within 75% confidence limits) of the magnetic field strength B, the viewing angle θ, the concentration of energetic electrons n b , the electron spectral index δ, and the noise scale parameter b. For reference, the corresponding best-fit values obtained by minimizing χ 2 with the gradient-expansion method are given in brackets (they are independent of b). The chosen source sizes L correspond to the equivalent surface magnetic field of B 0 = 3500 G (in the toroidal source model) for the given best-fit values of the source magnetic field B. for several datasets (one dataset for each object). The characteristic source sizes L are assumed to be fixed during simulations; the source size for each object was chosen to ensure that the equivalent surface magnetic field strength B 0 (in the toroidal source model) for the best-fit set of parameters equals B 0 = 3500 G. For the other model parameters, Table 4 reports their most probable values together with the uncertainty limits (at 75% confidence level). We can see that the considered ultracool dwarfs seem to possess very diverse magnetospheres, since the estimated emission source parameters (including the source size and magnetic field) are very different for different objects. For most of the objects, the MCMC analysis is able to constrain effectively the model parameters, the uncertainty ranges are relatively narrow, and the maxima of the posterior probability distributions coincide with the least-squares best-fit parameter combinations; the only exception is the dwarf LP 349-25 which will be discussed later.
Considering the equivalent magnetic field strength at the surface level B 0 as a free parameter, we now allow it to vary within the range of B 0 = 2000 − 5000 G; the corresponding ranges of the fitted model parameters (obtained using the least-squares fitting) are listed in Table 5 . The resulting best-fit emission spectra are shown in Figure 2 together with the observed data; for each object, we plot two model spectra corresponding to two different best-fit sets of parameters (for equivalent B 0 = 2000 and 5000 G, respectively). Note that the parameter ranges presented in Table 5 are not the uncertainty limits. Instead, they reflect the fact that the emission Table 5 . Parameters of the gyrosynchrotron emission source fitting the observations for each object and scheduling block (SB): the characteristic source size L, the magnetic field strength B and viewing angle θ, the concentration of energetic electrons n b and their spectral index δ; the equivalent major radius of the toroidal source model R c is also presented. The parameter ranges correspond to the equivalent surface magnetic field strengths of B 0 = 2000 − 5000 G. model parameters cannot be determined uniquely but only as functions of some free parameter; at the same time, they are correlated with each other. The actual uncertainty limits are proportional to those listed in Table 4 .
Modelling results: discussion
Here we briefly discuss the observed properties of the quiescent emission and the inferred parameters of the emission sources for different ultracool dwarfs.
LP 349-25: The spectral peak of the emission seems to be located below 2 GHz, i.e., beyond the spectral range of our observations. The lack of information about the spectral peak reduces the efficiency of the gyrosynchrotron diagnostics. MCMC analysis yields poorly constrained results even for a fixed source size L, because the posterior probability distributions of the model parameters (especially of the magnetic field strength B) are too broad. Thus, the results of the least-squares fitting (presented in Tables 4 and 5) are not so reliable as well. Nevertheless, considering them as typical examples of suitable parameter sets, we can conclude that the magnetic field in the source region should be relatively weak (with the strength of about 10 G), which corresponds to an extended emission source (with equivalent R c ≃ 5R * ) and a relatively low concentration of energetic electrons (n b ≃ 10 3 − 10 4 cm −3 ). The electron spectral index can be determined more accurately and implies a rather hard spectrum (δ ≃ 1.75); similar estimations of δ follow from the observations of Osten et al. (2009) . LP 349-25 is a binary system consisting of two nearly identical (∼M8) brown dwarfs (Dupuy et al. 2010 ). Currently we cannot tell which component (or both of them) produces the radio emission (see also Osten et al. 2009 ); the above estimations correspond to the case of a single emission source. Wide separation of the binary components (≃ 1.94 AU, i.e., much larger than the estimated size of the emission source) excludes interaction of their magnetospheres. Dupuy et al. (2010) estimated the inclination of the orbital plane of LP 349-25 as i ≃ 117
• ; assuming spin-orbit alignment, we can take this value as an (approximate) inclination of the rotation axes of the system components relative to the line-of-sight. This inclination is rather high and hence non-detection of circular polarisation agrees with an assumption that the magnetic field of the radio-emitting dwarf (or dwarfs) is nearly axisymmetric; in this case, the total (i.e., integrated over both magnetic hemispheres) Stokes V flux should be low. The observations at three different times provide consistent results.
2M 0036: The spectrum shape is consistent with the gyrosynchrotron model, with the spectral peak at about 3 − 4 GHz. In addition, circular polarisation was reliably detected in a broad frequency range, which allows us to estimate the magnetic field inclination. The inferred emission source size (with equivalent R c ≃ 2R * ) is comparable to that at Jupiter, but the magnetic field strength (B ≃ 150−200 G) and electron fluxes (with n b ≃ 10 4 −10 5 cm −3 ) are much higher than in the Jovian radiation belts. High degree of circular polarisation requires an oblique magnetic field with the viewing angle of θ ≃ 140
• − 150 • (or 30
• − 40
• if we do not consider the polarisation sign). On the other hand, the observed rotation velocity of v sin i ≃ 35.12 ± 0.57 km s −1 (Blake, Charbonneau & White 2010), rotation period of T ≃ 3.08 ± 0.05 h (Hallinan et al. 2008) and radius of 0.88 ± 0.05 R J (Sorahana, Yamamura & Murakami 2013) imply that the rotation axis of this dwarf is nearly perpendicular to the line of sight (i ≃ 65
• − 90 • ). Therefore, we conclude that the magnetic field of 2M 0036 should be considerably asymmetric with respect to the rotation axis (e.g., a highly tilted dipole). The observations at two different times provide consistent results. One may expect that rotation of a tilted magnetic dipole would result in oscillating sign of the Stokes V signal, and the observations of Hallinan et al. (2008) indeed show evidence of such behaviour. However, we do not analyse the detailed temporal evolution of the quiescent emission here (due to insufficient observation coverage). In addition, two observational sessions on 2014-10-07 and 2014-10-08 corresponded to similar rotation phases of 2M0036, therefore, the observed spectra (including the polarisation sign) were similar as well.
NLTT 33370: The spectral peak of the emission is located at low frequencies (about 2 GHz) which indicates a weak magnetic field. On the other hand, the emission intensity is extremely high: up to 2 × 10 10 Jy when normalized to 1 AU distance, which corresponds to the spectral luminosity (assuming isotropic emission) of up to 5 × 10 14 erg s −1 Hz −1 . Such combination can be achieved only due to the large source size and/or high concentration of emitting particles. Fitting infers the magnetic field strength of about 20 G, the emission source size equivalent to R c ≃ 4.5R * , and the concentration of energetic electrons exceeding 10 7 cm −3 . The circular polarisation degree demonstrates a strong frequency dependence: it is relatively high (up to 40%) near the spectral peak, but rapidly decreases at higher frequencies; this behaviour cannot be reconciled with the gyrosynchrotron model (cf. the model spectra in Figure 2 ). We suggest that the observed Stokes V spectrum can be formed due to the source inhomogeneity in a dipolar magnetosphere: near the spectral peak (where the optical depth is close to unity) the observed emission is produced in a relatively narrow layer with a constant sign of the magnetic field. On the other hand, in the optically thin range we observe the emission integrated over the entire magnetosphere (i.e., including contributions of opposite magnetic hemispheres) which reduces the total polarisation. Our simplified homogeneous source model cannot account for these effects, therefore, as said above, in the fitting procedure the polarisation nondetections have been treated as missing data rather than as intrinsically zero polarisation. To provide the observed polarisation degree (at low frequencies), the magnetic field should be nearly parallel to the line-of-sight: θ ≃ 150
• − 160
• , or θ = 20
• − 30
• if we do not consider the polarisation sign.
NLTT 33370 is a binary consisting of two ∼M7 ultracool dwarfs (McLean et al. 2011; Schlieder et al. 2014; Williams et al. 2015a; Dupuy et al. 2016) . Recently, Forbrich et al. (2016) have resolved the binary with VLBA observations and found only the secondary component (NLTT 33370 B) to be active with the average flux density of 666 µJy at 7.2 GHz, and gave an upper limit of 22 µJy for NLTT 33370 A. Therefore, our above estimations refer to that active component (NLTT 33370 B) . The rotation axis of the active component of NLTT 33370 seems to be strongly inclined relative to the line of sight; McLean et al. (2011) estimated the inclination as i 70
• (although they attributed the radio emission to the primary component). Therefore, like in the case of 2M 0036, the magnetic field of the active component of NLTT 33370 should be strongly tilted; a similar conclusion was made by McLean et al. (2011) . Wide separation of the binary components (∼2 AU, i.e., much larger than the estimated size of the emission source) excludes interaction of their magnetospheres. Note that our results for NLTT 33370 differ somewhat from the results presented by McLean et al. (2011) and Williams et al. (2015a) : in our observations, the Stokes I spectrum at 4 GHz decreases with frequency much faster than in the cited works. In addition, McLean et al. (2011) and Williams et al. (2015a) detected noticeable Stokes V signals at the frequencies above 4 GHz and even up to 8.5 GHz. These differences cannot be fully explained by the lower temporal resolution and shorter duration of our observations, therefore we attribute them to long-term variations of the emission source (e.g., changing parameters of the energetic electrons).
TVLM 513: The spectrum shape is consistent with the gyrosynchrotron model, with a well-defined peak at about 3.0 − 3.5 GHz. Fitting infers the emission source parameters similar to those for 2M 0036 (except of the viewing angle): B ≃ 100 G, R c ≃ 2.4R * , n b ≃ 10 4 − 10 5 cm −3 , δ ≃ 2.6. The inferred magnetic field strength falls into the ranges found by and Berger et al. (2008) . The rotation axis of TVLM 513 seems to be nearly perpendicular to the line-of-sight (i ≃ 70
• − 85
• , according to estimations of Hallinan et al. 2006; Berger et al. 2008; Miles-Páez, Zapatero Osorio & Pallé 2015) , therefore, like in the case of LP 349-25, nondetection of circular polarisation agrees with the assumption that the magnetic field is nearly axisymmetric. It is interesting to note that recently Williams et al. (2015b) detected emission from TVLM 513 in the millimetre range with ALMA. Figure 7 presents the combined spectrum in the 2−100 GHz range (although we highlight that the VLA and ALMA observations were not simultaneous). To reproduce this spectrum with the gyrosynchrotron model, we would need a harder electron spectrum (δ ≃ 1.75) and a lower electron density (n b ≃ 10 3 cm −3 ) than for the VLA observations alone. The required source size and magnetic field strength (R c ≃ 2.3R * and Figure 2) . B ≃ 140 G) are close to the above-mentioned values. Thus, it is likely that a few data points below 10 GHz are actually insufficient to constrain properly the electron spectral index. As shown by Kuznetsov, Nita & Fleishman (2011) , in an inhomogeneous emission source the spectral index of the optically thin gyrosynchrotron emission is frequency-dependent and approaches a constant only at the frequencies far above the spectral peak; hence estimating the electron spectral index using the emission spectral index in a limited frequency range may be unreliable. An alternative explanation is that the discrepancies between the VLA and ALMA observations are caused by long-term variability (at the timescales of ∼ 2 months).
LSR 1835: The spectra, obtained at two different epochs look similar and deviate noticeably from the predictions of the gyrosynchrotron model. A possible interpretation is that the intense (but weakly polarised) emission at 2.5 − 3.0 GHz is produced due to a coherent mechanism; e.g., it may be a maser emission scattered and depolarised during propagation (as suggested by Hallinan et al. 2008) . If we omit the data point at 2.5 − 3.0 GHz, the fitting procedure infers a relatively compact emission source with strong magnetic field (see Figure 2 and Tables 4-5). Like in the case of NLTT 33370, we do not consider the polarisation non-detections in the fitting procedure, although the same interpretation of them (by the source inhomogeneity) is questionable since the polarised signal is below the detectability threshold even near the suggested spectral peak. At the same time, we think that the data in the 3 − 7 GHz range are insufficient to constrain the gyrosynchrotron source parameters for these particular spectra (both due to the small number of data points and due to the relatively narrow spectral range). In addition, the maser emission may make a contribution at higher frequencies as well (as suggested, e.g., by detection of flaring emission from this dwarf). Therefore, we conclude that the obtained gyrosynchrotron fits (including the estimations of the viewing angle) for the observed emission from LSR 1835 are not reliable enough; we do not discuss them in detail here.
Flaring radio emission from LSR 1835
Source model
We simulate the flaring radio emission from LSR 1835 us- ing a model similar to that in the work of Kuznetsov et al. (2012) . Namely, the magnetic field of the dwarf is modelled by a tilted dipole; the emission is assumed to be produced at a few selected "active" magnetic field lines (see Fig. 8 ). We assume that the emission is produced due to the shell-driven electron-cyclotron maser instability (Treumann 2006; Hess & Zarka 2011; Kuznetsov et al. 2012 , and references therein), i.e., its frequency nearly coincides with the electron-cyclotron frequency at the source, and its direction is perpendicular to the magnetic field vector at the source (a possible refraction during propagation is neglected). The "active" magnetic field lines are fixed in the rotating frame of the dwarf, therefore, as the dwarf rotates, we can observe the radio emission when the radio beam (at a given frequency, which corresponds to a certain height of the emission source above the dwarf surface) is directed towards the Earth.
As was shown by Kuznetsov et al. (2012) , the above model itself is able to reproduce the narrowband periodic radio bursts with fast frequency drift; the dynamic spectrum containing several narrowband bursts (Fig. 3 ) implies that the model should contain the same number of "active" field lines. However, to explain the faint slowly-drifting broadband feature (whose frequency drift direction is opposite to that of the narrowband bursts), we need to use a more elaborate model, i.e., to consider the limited (and variable) height extent of the emission source. Therefore, we describe the emission intensity from a given ( j-th) magnetic field line by the expression
where θ is the angle between the emission direction and the local magnetic field and ∆θ j is the radio beam half-width; this expression means that the emission is produced in a narrow range of angles around the direction perpendicular to the local magnetic field. The factor a j (λ, r) describes the dependence of the emission intensity on the coordinates of the emission source: the magnetic longitude λ (which is calculated relative to the plane containing the rotation axis and the dipole axis and increases in the direction of the dwarf rotation) and the distance from the dipole centre r. We have chosen the following expression to describe this dependence:
where A j is the maximum emission intensity for the given magnetic line, and r 0 (λ) and ∆r(λ) are the typical height and height extent of the emission source, respectively (both may be dependent on the magnetic longitude). Other parameters describing the emission source model are the magnetic field strength at the magnetic pole B 0 (assuming that the dipole centre coincides with the dwarf centre), the dipole inclination relative to the rotation axis δ, the radii (or the L-shell numbers) of the "active" field lines L j , and the inclination of the dwarf rotation axis relative to the line-of-sight i.
Simulation results
Since even the above-described (oversimplified) model has a lot of free parameters, it is not currently possible to find a unique set of the model parameters that fit the observations; the low signalto-noise ratio and limited duration of the observations (which does not allow us to study the possible periodicity of the emission) hamper the quantitative analysis as well. Therefore, our aim was to find one feasible model that would agree with the observations. Namely, such model should reproduce the main features visible in the dynamic spectrum in Fig. 3 : the faint broadband slow-drifting burst and the bright narrowband fast-drifting bursts, their frequency drifts and frequency extents.
The simulation results are shown in Fig. 9 . In this model, we use the estimation of B 0 = 3625 G for the magnetic field strength at the magnetic pole (as follows from the observations of Kuzmychov, Berdyugina & Harrington 2015) . All "active" magnetic field lines are assumed to have the same L-shell number of L = 80, the inclination of the dwarf rotation axis relative to the line-of-sight is i = 77
• , and the dipole tilt relative to the rotation axis is δ = 10 • . We have found that the above parameters provide an acceptable fit to the observed frequency drift rates of the fast-drifting bursts (i.e., they reproduce both the drift rate value and the fact that the drift rate seems to be constant in a broad range of frequencies). The above parameters imply that the magnetic field is highly axisymmetric and the radio emission is produced at high magnetic latitudes (like, e.g, at the Earth).
Three bright fast-drifting narrowband bursts are modelled by using three "active" field lines at λ j = 0
• , 4
• , and 10
• with a very narrow emission directivity of ∆θ j = 0.05
• . The faint broadband burst is modelled by 15 "active" field lines evenly distributed in the range of longitudes from λ = −20
• to λ = 36 • (i.e., with the total longitude extent of the "active" sector of about 55
• ); the emission sources at these lines are assumed to have a relative broad directivity of ∆θ j = 1
• and the amplitude A j five times lower than at the field lines corresponding to the fast-drifting bursts. We assume that the typical height of the emission region r 0 (relative to the dipole centre) varies linearly with the magnetic longitude λ from r 0 = 1.36R * at λ = −20
• to r 0 = 1.50R * at λ = 36
• , where R * ≃ 70 000 km is the dwarf radius; the parameter ∆r is taken to be 0.05R * , i.e., the height extent of the emission region is of about 2∆r ≃ 0.1R * ≃ 7000 km. The mentioned dependence of the height and height extent of the radio emission source on the magnetic longitude is applied to all "active" magnetic field lines, which allows us to reproduce both the frequency drift of the faint broadband feature and the frequency extent of the broadband feature and the narrowband fast-drifting bursts. The described model contains a number of numerical parameters; we remind, however, that they are largely illustrative and represent only one possible combination fitting the observations. Investigating the confidence limits of the model parameters is beyond the scope of this work.
Comparison with other simulations
As has been said above, the model of the flaring emission used in this work is essentially the same as in the paper of Kuznetsov et al. (2012) , i.e., it is based on the assumption of a global dipolelike magnetic field and a number of "active" longitudes. The difference is that the model of Kuznetsov et al. (2012) was able to reproduce only the "skeletons" of the bursts in the dynamic spectra, while now we consider also a possible dependence of the emission intensity on the source height and hence on the frequency. On the other hand, we consider here only the shell-driven maser emission that is assumed to be strictly perpendicular to the source magnetic field, while Kuznetsov et al. (2012) analysed also the loss-conedriven emission produced in oblique directions.
It is interesting to note that Lynch, Mutel & Güdel (2015) concluded that the model of Kuznetsov et al. (2012) was unable to reproduce their observations (in application to the dwarfs 2M J0746+2000 and TVLM 513). Instead, they proposed a model with multiple subsurface magnetic dipoles, i.e., with an essentially multipolar magnetic field; each local dipole was associated with a single "active" magnetic loop. In contrast, we have found here that the model with a purely dipolar field is able to reproduce successfully the dynamic spectrum of LSR 1835, therefore, more complicated models are not needed (at least, in this case).
CONCLUSIONS
We have carried out observations of six UCDs in the S and C bands using the VLA and found that five out of six sources were detected at a significant level. We have analysed the origins of the quiescent radio emission via the broadband spectra. Modelling was done with both MCMC analysis and least square fitting, showing very similar results. The spectrum shape and degree of circular polarisation of the quiescent emission from four of the five observed and detected sources are found to be consistent with the predictions for the gyrosynchrotron mechanism. Based on the model we have given a set of parameters for the magnetic field and energetic electrons for each dwarf.
A flare-like feature which was 100% circularly polarised emission was detected from LSR J1835+3259. The event has a broad component with a frequency drift of approximately 1 MHz s −1 , and narrow components which show a drift of approximately -30 MHz s −1 . Bursts with high brightness temperature and polarisation degree from UCDs have been found to exhibit emission properties that are similar to the auroral radio emissions of the magnetised planets of the Solar system . Although this is not the first time that such events have been observed from UCDs, it is one of the few bursts which have shown such clear frequency drifts. As far as we know this is the first detection of flaring (100% circularly polarised) emission from a UCD at frequencies below 4GHz. Also, this is the first time such flaring event on a UCD demonstrates both positive and negative frequency drifts. Using simulations, we have come up with a possible model that fits the observed characteristics of the flaring emission, including the frequency drifts. We found that if we fix several model parameters (based on physical characteristics of similar stars), we can match our observations with emission coming from a narrow sector of active longitudes and the dwarf's magnetic field of a tilted dipole. The model may differ from the observations not due to the magnetic field structure, but the height distribution of energetic electrons in the source region. The variable height of the radioemitting region can be explained by different reasons, for example, if the magnetic dipole is not only tilted relative to the dwarf rotation axis, but also offset relative to the dwarf centre (like, e.g., at Neptune). Other explanations include an influence of the higher-order (non-dipole) magnetic field components, centrifugal force effects, etc. However, extracting parameters from this model is more difficult due to the underlying degeneracy.
Radio observations of UCDs are entering a new era with the improvement of existing radio arrays such as the VLA which allow the monitoring of single sources over a much wider bandwith and temporal resolution than was previously possible. This is especially important for studies of UCDs where the radio burst/pulse can be of short duration and can change frequency over a short timescale. In addition, with new facilities in development, such as SKA, the observations will be able to cover a wider spectral range and will give higher sensitivity, making it possible to detect even fainter objects over a wide frequency range.
